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APPARATUS FOR DETERM NI NG TI ME I N A SATELLI TE PCSI TI ONI NG SYSTEM CROSS
REFERENCE TOVRBP/AIIB APPLI CATI ONS The application is a conti nBGFUSHA7Ppar t
of U.S. Patent Application 08l794,649, entitled "Method and Apparatus for
Satelli ng System Based Ti me Measurenent”, filed on February 3)
1997, M‘\ to the assignee of the present invention. BACKGROUND OF
THE | leld of the invention: This invention relates to satellite
posi tioni ng*G §tems (SPS), and in particular, to determning time
associated with SPS signal transm ssion arld/ or reception. Background
information: SPS receivers such as GPS (d obal Positioning System
artival of st gnattEXFGOrAND WERAY ERRMINIYG FitE Y5 4; ™
satellites such as GPS (or MAVELA PON & YREM| satellite
positioning systens, such as GPS the multiplicity of satellites are
synchroni zed according to_a highly accurate s stem cl ock, which ma rovi de
a%/om c clock agm& RENCE RELATEI ASIPL QNSsni ts navi gatlyoﬁal
data (e.g., the |ocgeap ﬁtfaubmasai,ahxkdtfbﬁ)mlpbﬁbf@@%ﬂeﬂ&A fich Lime stanp

| ndi cat od by IR7R486ST nexﬂ“@iMe B h0 BEDAA P PaStarys SHRET )

whi ch, in the Bassal "Di&ne(RSasmandsm'f diledosh Febray G CFY9)7, andsdssighdd taRhe However ,

SPS receivers typicall ve such an accurate clock. Thus, an SPS
receiver typi cﬁ%/%;l aé’tfi*f"'rﬁ’ﬁ ﬁ‘?t}?& information by reading and timng

information contained in the satel I [ te nmessage. Many receivers determ ne
position andt}3 ARYS ‘ omfour (or nore) satellites. The
range to each G ' ' ‘ , 3, 4) may be expressed as: PR =

(x-xi)i+(y-yi )Ekd&Qﬂll)‘F.Mbml_l) *166166* 2 7 AUG 2002 y WO 991 53338
PCT/ US99/ 07974 _2_ This invention relates to satellite positioning systems (SPS), and in

particular, to determining time associated with SPS signal transmission and/or
reception.

Background jnformati

SPS receivers such as GPS (Global Positioning System) receivers
normally determine their position by computing relative times of arrival of signals
transmitted simultaneously from a multiplicity of satellites such as GPS (or
NAVSTAR) satellites. In typical satellite positioning systems, such as GPS, the
multiplicity of satellites are synchronized according to a highly accurate system
clock, which may provide atomic clock accuracy. Generally, each satellite
transmits navigational data (e.g., the location of the satellite) that also includes a
time stamp to indicate when the data was transmitted, according to the time as
indicated by the system clock (referred to hereafter as system time), which, in the
case of GPS, is referred to as (GPS) system time.

However, SPS receivers typically do not have such an accurate clock.
Thus, an SPS receiver typically determines timing information by reading and
timing information contained in the satellite message. Many receivers determine
position and time by using measurements from four (or more) satellites. The
range to each of four satellites (i = 1, 2, 3, 4) may be expressed as:

PRi = \[(x—xi)z+(y—~yi)2+(z-zi)2 +cb (1)

AR A

*166166*




wherein x, y, and z are the coordinates/position of the receiver (unkhdWyiil
Xi, yi) and zi are the ith satellite's coordinates/position (known); and cb
represents t{g) ¢lsagig bias) which is a result of the error in tpicHdeshyesn
the clock of the receiver and the reference time (unknown). Thus, there is
typically a total of four unknowns in equation ( 1 ) above. Oten, PR is
referred to as a pseudorange, since it represents the actual range to the
ith satellite, plus or mnus an offset that nmay result due to the
receiver's clock error) as indicated by the cb termin equation ( 1 ). The
above equation, using neasurenments from fbur satellites, may be linearized
and expressed in matrix formas follows: ~PR uxl OPR2ux20PR3ux3~PR4ux4 uyl
uzl I ~ ~Ox uy2 uz2 1 0Oy uy3 uz3 1 x Az uy4 uz4 1 Ccb orZ=Hx (2) wherein
~PRi is the pJ¥ifd¥Pange residual for the ith satellite (i =1, 2, 3, 4),

and represents a dijf emwehﬁw&mng&%mﬁﬁwgﬁegﬁy@%m,@nd an initial
estlrratedrangetot elth satellltefk pown) . uxi , .and uzi _are the

direction cosines ofX+ARdiZf 38 the ity 5ale] “e(ﬁ_“@%d‘%aéﬁst/ﬁﬂqun(ﬂﬁ'?‘ﬁé RB&ei ver to
EEe it? s?_tel I iDl;le,Oaw&e ﬁnmedoekbiﬁgwm&%aryswtﬂemh ﬂhﬁ&tlfélt@é‘&xs

nown i X z t he. cor tions tao.t nitial estimates
of coordi nates/ positi onqgﬁggaﬁgg‘gﬂ)ecﬁ“% CFCS%"E? 3‘}‘““ M%%W%y be of f set
from a ref er erfhascthereks (ypivhlpanital didowrn unkhowns mtdqaatpme(lldabmge resi dual
vector is also ref %ﬁ&pPk?zse}éfe }(@gs %u@drﬁr?t %{ng%&)géﬁfeanf sShéhQy " ef erred

to as an observation matrix, esen recer ver p05|t|on and
time correcti gangedethsith Wﬁ"é‘ha R!%@rmsmefmm%my resultideeég 6t . Thus) i f
an inverse of ¢ &@v&’@%ﬁc\@w%mzﬁéd:eaﬂ-)tm&t&i&mlﬁeeﬁmwﬁ%tdbeoet0 unknown
x in the set of |inear equations rggresent eﬂ %% the a ove matri X equatlon
(2) may be detedP#HMeHsing mERSUFFRENLs from fourgajellit \Rolpgpmized39d. 3x=H-' Z or

(1~ H)' 1 exfressedif eiz@rixdform as follows:

APR1 uxl wyl uzl 1 Ax
APR2 ux2 wuy2 uz2 1 Ay
= ¢ Z=H-~-
APR3 | |ux3 wy3 wz3 1 |“laz | X 2)

APR4 ux4 uy4d uzd 1 Ach

wherein

APRi is the pseudorange residual for the ith satellite (i = 1, 2, 3, 4), and
represents a difference between the measured pseudorange and an
initial estimated range to the ith satellite (known);

uxi, uyi, and uzi are the direction cosines of the line-of-sight (LOS) vector
from the receiver to the ith satellite, as projected along the x, y and
z coordinate axes (known);

Ax, Ay, Az, and Acb are the corrections to the initial estimates of
coordinates/position and the clock of the receiver, which may be
offset from a reference clock (unknown).

Hereinafter, the pseudorange residual vector is also referred to as Z, the
nx4 element matrix H is also referred to as an observation matrix, and x
represents the SPS receiver position and time correction vector, which contains the
unknowns of interest. Thus, if an inverse of the observation matrix H exists, a
unique solution to unknown x in the set of linear equations represented by the
above matrix equation (2) may be determined, such that:



PCTNS991 07974 (3) H' is the inverse of the observation matrix; Hé 700
is the pseudoi nverse of the observation matrix; and x is the Ieast gc? QG
estimte of the vector of unknown paraneters, x. To determ ne the

pseudor angeswbRRis3338a conventional SPS receiver typically useecarussiotonal
estimate of its position and clock bias that is knowmn to wthin a
mllisecond. However) since signals fromsatellites travel at or
approximately the speed of light, even a 1 mllisecond anbiguity in tine
may result in an error of up to 300 kllom%ers in the pseudorange
measurenent. By solving the matri x equation (2) above, the conventional GPS
receiver may compute a correction to its initial clock bias estimate,
wherein the initial clock bias estinmate is derived by reading the

navi gational nessage V\/r}! rovides "time-alignnment” information.
Unfortunately) in tions, determning the systemtinme by reading

t he navi gati on aressage of one or m)re satellites may be difficult) due
signal quality degragail(ﬁm Z Xapl e, where there is blockage g:{) t he
satellite signals, t received signal |evel or signal-to-noise ratio (SNR
fromthe GPS sarher¢int es may be too |ow to denodul ate and read the satellite

data signals wt houtﬁaie[&.‘rtf.?‘;I vé‘dEBf&bto'd?érl/ fb?nﬂ?dfx arl se in personal tracking
and ot her highly nobi| Hgnl I catl ons, er suc gnal conditions, it is

possible for a receil \%r istthe Pse&éaw?@eaﬁawtqba%rwavmn@s ghgnal s.

However, perform ng % Qe fHeilO3t-sqifdredeaiiinb@ue e Vocitr oTRARKIVATBZhmiretshQut
timng data may be best performed using alternative methods. The present

i nvention provides a nethod and apparatus for determning tine in an SPS,
such as the tine of Fadeeimihethepaasivrageo(PRi)d/convértivral §PSreesvgrement by an

SPS receiver, rel.a @1 ‘?Sfégnﬁ"&a?%ﬁﬁn%lggf{[%f&%h )cl %txa%qhﬁ r ot her

relatively achV%}f rence ©t he
reference tine wmmapmdicseemdndiqwqwngxmhslanﬁafnounsqmlbw dev,blm m‘m n t he

satellite navi ﬂméa'm

PCT/ US99/ 07974%?0%%3&@ THE y eveﬁﬂ rﬁﬂrr%% 0 ané‘%?ppar at us”esult
determi ni ng a rieaBeEREaf yp 'r‘?@oﬁé%]@meﬁif%’& thﬁ pieudorangemepsugeprni By selving syst em
i s described. Ghemalitt uﬁh&ﬁ(i’,) abb\e, thefcemmenéllans rdcélv@f}ﬁa)eéﬂﬂﬂﬂké@nt m':ly
be used to determ ne ot aalé;(% onal. |tg 0@ &ﬁ téﬁillrﬁg a1|on

i nf ormation rraf°f’ﬁ‘é‘l“ﬁb‘8)‘tsf“3f‘ %‘B’I'aes esiimate; Wherein 7 e £log l%ﬁ'él lite
posi ti oni ng sysdetived BPEadingdle navigatibmal omessageiyddcinpnovides “tira¢-alignneenve| oci ty
bet ween an SPS. iﬁ&ﬁ and a set of one or nore satellites is used to

determine an of" ween tine as indicated by the SPS receiver and the
reference tine. AccoUdeﬁ'yn%@YaWdPﬁé’rSl@ﬁmr determipigtthosysieReBne by readinger r or

statistic is Ustﬁgnﬁ\ﬁ ﬂﬂin%& df'bﬂeb?ﬁﬂf@éﬁfe@ht%s iRy bAasaceEt, rametgnmet anot her
enmbodi nent of the_ in

Qn, WO IrecC presenting a
portion of a s Uity e&" geng reé?’élpg"o??%%‘égﬂfbs @Qi’léargﬁl éhctsf"ﬁh“c f‘ﬁmﬂﬁe
| rrEI enent ation, the E@eﬁe&s srgeslelewebr isig?mmnbseamb (cspm)at’r@a therGB?mttlhtEEI on with
a basestation to ter A\Y 0] 1 ON
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one enbodi nent present 1nvention; ure 1B 1 llustrates 1 n turther
detail the RF t%ﬂQPFC@b@Vé‘Fk we GPSasdg:aélsnel’-lowever, performing location and

unambiguous time measurement without timing data may be best performed using

alternative methods.
The present invention provides a method and apparatus for determining

time in an SPS, such as the time of satellite transmission and/or time of
measurement by an SPS receiver, relative to a reference time (e.g., system time or
other relatively accurate' reference time) without the need to determine the reference
time from processing timing information provided within the satellite navigational

data message.



frequency synthesizer 16 of Figure |A; Figure 2 is a flow diagram 27 AUG 2007
Illustrating a nethod for utilizing relative satellite velocity for tine

determ nati oo sw/s3ast el lite positioning system according to S99/07974
enbodi ment of the invention, as may be utilized with a nobile recel ver
which is conbined with a nobile comuni cation receiver and transmtter,
such as that shown in Figure | A, Figure 3Ais a flowdiagramillustrating a

met hod for utilizing an error statistic to determne tine in a satellite
positioning system according to one enbodi nent of the invention; Figure 3B
is a flowdiagramillustrating a nethod fo4- utilizing a unit variance error
statistic in the nethod 300 of Figure 3A to determne tine in a satellite

positioning system according one _enbodi nent of the invention; 2 7 AUG
2002 WO 99/ 53338 PCT/ US99/ 0797m%mepi ct an exanpl e of
unit variance fits fAmah&iindebpirafgforaeiermiimsa refG&RE SriRGsi Ri 0w

enbodi nent of tsgt%nitg l%Saener,al [ zg% met hao‘gﬁ?l(t)}}a

1on: Frogure 5 sh a
det ermi ning ti e asségﬁééw wst ﬁ%ﬁﬁ‘@f"?%@c %@?W’éﬁ%ﬂlﬁf@f?@é‘mim@ed on
conparing a fi rose exrbodameegoaycberwed taldexérminsathed davigatieial tfommede suand
whi ch may be util ' nohi ecei ve Lch.is copbined wth a
mobi | e communi g]a%ﬁggﬁgr}%\%rg%rngg%@' 5 'rmz?ﬁ(g:r‘rhrteé?{”p%ugﬁ] logatien/ggsi in Figure
| A, according ﬁ@empmm@HDGSHShECEMEr{himar:rriEb@u’reﬁt,6rélhdi%s\tdlétﬁ@S in

further detal’l vaeihaaSr830cc e SIESILIII Bl 1M glefhedl L rmgbelebnle gt 2

nmessages for use with a satellite positionin 8 dGIRTIINE A8 | ot e

Jtre
a basestation ngé?}rhﬂ‘ﬁ?f“tt@%ﬁé“@ﬁ%@i byrthetSFSfrecdiecriand thetreferencé-iimer e 7B
illustrates a basosing ﬂo%o&éﬁ@ﬁ%ﬁﬂeﬁt%f%@n%ﬂﬁ%ﬂ%orQfa{jﬁtﬂlﬁs P%‘ﬁ%t I on;
odi ment. o e

Figure 8 ill ustrates em accor di n%ito one e I'nvention,

syst
whi ch i ncl udes_%ﬁ%@%’%ﬁ"l’%?& ume. AQCping toyel angthspembediment:ofthesest at i on,
the Internet, anengom|twemecordsypathaepresentifgiut least a portion of a satellite message,

are compared to determine time. In one implementation, the SPS receiver is
mobile and operates in conjunction with a basestation to determine time and/or

other navigational information according to one or a combination of the methods
described.

BRIEF DESCRI N OF THE DRAWINGS

Figure 1A shows an example of a combined mobile GPS receiver and
communication system which may be utilized according to one embodiment of the
present invention;

Figure 1B illustrates in further detail the RF to IF converter 7 and the
frequency synthesizer 16 of Figure 1A;

Figure 2 is a flow diagram illustrating a method for utilizing relative
satellite velocity for time determination in a satellite positioning system, according
to one embodiment of the invention, as may be utilized with a mobile SPS receiver
which is combined with a mobile communication receiver and transmitter, such as
that shown in Figure 1A;

Figure 3A is a flow diagram illustrating a method for utilizing an error
statistic to determine time in a satellite positioning system, according to one
embodiment of the invention;

Figure 3B is a flow diagram illustrating a method for utilizing a unit
variance error statistic in the method 300 of Figure 3A to determine time in a
satellite positioning system, according to one embodiment of the invention;



DETAlI LED DESCRI PTI ON Vari ous nethods and apparatuses for neasuring t)ifrau6 2001
‘related to satellite data nessages for use with satellite positioning
systens are dweopiskid bel ow. Some of the discussion of the inveatriugh/ 07974
focuses upon the United States G obal Positioning Satellite (GPS) system
However, it should be evident that these nmethods are equally applicable to
simlar satellite positioning systens) such as the Russian d onass system
Moreover, it will be appreciated that the teachings of the present

invention are equally applicable to positioning systens which utilize
pseudolites or a conbination of satellites3and pseudolites. Mreover, the
various architectures for basestations and nobile SPS receivers are

provided for illustragti r pas rather th t0 be construed as
linitations of the p?&%’ﬁ"?%n@‘@rﬁ 5Pt Aerympla QbEniET N TAENTSCLAN LI 21 NG
SATELLI TE VELOOtange EtiznatesvEcEORIERM dia Embdimenu o£the iriventéod: | ow di agr am
illustrating a nmethogh: L. Zi | tellite.velocity for, tine
determ nation in a sgtl%f}lrei te.(_)t)’vtlsﬁs%igtQ ?eééllﬂﬁg%eﬁ?dfz&r%&ﬁ e Bsséﬁét"'d

enbodi ment of t WithjarpgieHite pasitieringrsisteprbased bi gerdparingha farsnandid sec&dSecadei ver
2 7 AUG 2002 VWQ1994 el RRHaBGRESHRIAQIIHith nby MR IuGi2d ' Lth_a nobile
conmuni cation recejver aég rapnsmtter, sug\#gé]ghtz%d;‘%'ﬁg O\I(\)/ﬁﬁ?rsl ir%gcﬁ}vgrl A In
the method 200 YHAiSRAS fom gén”éhz,m%mleéﬂmmwcagmwcaser@nmmt@pmm@ei ver

100 shown in Fithar showh incBigurel £ Sactdr@inRQs iohé eMbb@innb6f theinvdRofl NOre.
satellites in step 2?2. Ig.gne geﬁnbo%né, E he P%d{?ecel ver may determne a
set of pseudoranges tBWHE 1SR 18 ffigtail g Ofppmgaspnng simeni t t ed
from the sat el |retatesl toAstedlite Hata areysagesfgeuserwidos sdiellie pesitionig 8ydmi he SPS
receiver will typica O r I t . act ual Si.tion range,
due to an offset bet 3 rl;Q? F?elﬁlpﬁﬁatéesoafeaargféé%a\s{@f]ea?r%cﬁamﬁgo 8?%?/‘?‘8 Mt ?fﬁ'&ecl ock
of the SPS recdh¥@&onand a reference time. In step 204, a basestation, such
as the basestation sg R LGSR 2t [ | | {:-nf o ion from
t he SPS receiver. Fpr@gggrrpl e, t eaes??sgagﬁ)?g%&?ﬁﬁg?%gﬁ%’ﬁg?#a@ep%% e a
represent at i on BYCIE¥Budor ange neasurenents, as associated with an estimte

of the time of neasuFRiReS illistiahs aSFRemALEINMRI: @JIEJ
pseudor ange may._be de?girim' r{e suats a3 Rorkfl Lo D¢ of38 e eﬁg/ofttﬁg cl ock of

sin he tinme a ndi_cat

the SPS recei véPYc%?"rr&M‘ihdﬁga‘!"%B%’fs TG Yo ciﬂl%f"é"c@@n%ﬁm‘s atbasasiatign,
position at an tbe&utmenhsanhdaicliedt coinpeter syateai.i ve t o an accurate reference
time, the SPS receiver nmay only be limted to an esti nate/approxi mati on of
its position that nay be offset by the actual distance due any offset/error
intime. In step 206) the basest aRkdAllddd HESCRIE d
with the range or povaiib@ym&hbdsmb ppdrathifds f 5 1 nted by
the estinmation 4 nf or mat i Oﬁ) %;ovi dedp?('l)at he, ﬁzsedétﬁlgﬁ %ﬁé Be;ﬁf%gesg&gﬁgecei ver,
based on an est$ARMESHEeS 1oL use itk safelliteqogitioping systeme aredlescribed Below. i tes. | n
one enbodi nent )Sdrheof ek aliscussiomdfahé inyemfondoaiseOiipdnitae Tatte®@StatRiGbbdlt €S

represents an I. re LVe. ve ity bet the satelljte and the
mobi | e SPS reczf?o\%get?%"g%t? 1%‘6%{@‘5588@%‘%?“%?%?@ 5‘1’15%&@@&’ ﬁ'[‘él[antdga'T \=ad

i nvention, for methpidyansgqnuallyaapplieableao sinhilarsateBitopositioning syetemssudlke a¢ thae
of f set between i e AN j ef e e

i (e g, - Cpe DR RSt IRV, e R o ha e AR UERET,
equation (4). MREPFipvepyongre gqually applicabls 4 pasiteningsysiemsivhieh ntitizeov ed

navi gational i rjseadaiiteor a combinaiontof Rellik8 ahd pudoltes. Oiotebve £ te varib@s t he
mat{on i s based on_a

SPS receiver. The .inproved, navi gational  i,nf ] )

det er ni nati on c?frgtf’#gR & @é?aieﬁt?ggﬁ agd piobyle §§%ir?ﬁ?“t°ﬁeﬂ‘%8¥(b‘"qeé forallastrative at
what tinme, rel giurpeses cathéraharefodeeonsrued a®limitatornsiofthe grage@tinventioal her
information was estinated or neasured by the nobile SPS receiver. In an
-alternative enbodi nent, the basestation nay not provide the inproved

navi gation informati on to the SP¥ERVUEWIGRONE EMBOPRMENT:e, such 2 | AIG
LUU2 WD 991 53338 PCTN [ | OBTYEY bﬁ“% i ded to
anot her entity via a ﬁg?%&ég%ﬁ?%% |0%L§¢Ink Whi € trr[%/r%g%m\?\nkﬁé or
wireless, etc. Tabl eF'B‘B'ﬁ_G\AEa Aow disgtamyllugwatng aeethodSpr widimingfelative

quanti ties mentsagumed vBRIcRY fordinfe ARIrRAMRIBRh 2 84QREPolidodifly Wfert HROENT  Of

t he i nvention. . . : - :
to one embodiment of the invention, as may be utilized with a mobile SPS receiver

-




TABLE 1 SPS recei ver Basest ati onHow Det er m nedPRXXMeasur ed by net hod? dfAlb 2007
‘cross-correlation, for exanple, asdescribed below wth reference toFi ores
5- 6APRXEst | r@be)g,spﬁsuse of the relationshi pOPR = PR-R, wher ei pciinss9/07974
anestimte of the true ran a R POMWEsti mated, such that TOM GPS
or(Tinme-ofreference)) = TOreceiver) + cl ockNEasurerrent)offset GPS

Ti meXKnown fromreading satellitenavi ation data nessa e(s)SV Range

rat eXesti mated by reading satellitenavigation data nessages) |In one

enbodi nent of the invention, a pseudorange matrix equation (4) as shown
below is solved for the error/offset in tgme between the estinmated tine
associated wth a tinme of neasurenent at the nobile SPS receiver and the
reference tinme. Such a solution, in one enbodinent, is based upon the

rel ati ve vel ocwhighjieeombined with 3 mobie cemmunichtiesErecej vet ang trassthittar, euchhas

posi tion of t NhadrPiniguie &1 U thittiol 2002R ﬁ‘u?F urBF i Ghaty, Sel - For

five neasurenments, the no ed mat r|x equa L on be expressed as

fol lows: 2 7sushas zmlvé@gpscsggsl Ogh ompmﬁwmﬁgmwsmwmopmuxs
wherein uy 1luza Qé%fgﬁ@&gﬁbﬁtsetelhtes in step 202. In one embodunent the SPS receiver

1~xuy2uz21sv_ ran rat e2 v range rate3 z4 SV range
rat edQt uy5u251§’9 %lséé%? 5&%@%‘7?}( Efw edieh seudor ange
residual for ttlnmmmlnedsfaomlthe Satellétbs -Aisuc&) aniy, rafige dir)posrmd estmnae HeNheSPS

To the on oot HrrTe i EEAR SHARRAHERLERNE B Auid o ribeccild 0ol nog
of the |ine- of offseybetweeiObe timeoafonedsurementas predddd/ey the olackef itelfSRSat el [ite (i
=1, 2) 3, 4, é):exv@rsaxmg}e‘? %@Qr@é)ng the x, y and z coordi nate axes

(known); ~ range_rafel 1s t ative veIOC|ty between the ith satelllte
(i =1, 2, 3, 4 " 5) Im;step 204 arhasesfation, such ag thpbispytatipsshovaeinddgpre kAown) ;
X ¥ @, anfécéebs @fifhatibg inFérmaBioh fRASthe SPEheceiver! Far ex@ﬁipnm ees of

coordi nates/ position a e recejver known); O is the
A

e clock .0
of fset in the ¢SHmat lﬁﬁﬂmmnay\wlmgﬂafcnmaﬁﬁa% FANEE opr esent s t he

di fference (ormehsusahontd)as useciattd evithiniestrhatd of theRingd ofwhéastireiritat Psiedor ange
measur enents a ence. {ime stemtime, a tinme

based on GPS s§€§ té%léﬁ’?heal?oqg%g%ﬁ;?@ﬁ lpﬁef)lv&}‘%ange ‘n%y Pe ’deg:)m%nex using the time as

indicated by the clock of the SPS receiver. As mentioned above, without
knowledge of satellite position at an exact instant of time, relative to an accurate
reference time, the SPS receiver may only be limited to an estimate/approximation
of its position that may be offset by the actual distance due any offset/error in time.
In step 206, the basestation determines the time offset associated with the
range or position estimate of the SPS receiver, as represented by the estimation
information provided to the basestation by the SPS receiver, based on an estimate
of the relative velocity of the set of satellites. In one embodiment, the relative
velocity of each of the set of satellites represents an approximated relative velocity
between the satellite and the mobile SPS receiver. A method, according to one
embodiment of the invention, for utilizing relative satellite velocity to determine
time offset between a time of measurement by an SPS receiver and a reference time
(e.g., GPS system time) is described below with reference to matrix equation (4).
Finally, in step 208, the basestation provides improved navigational
information, such as time, position, velocity, etc., to the SPS receiver. The
improved navigational information is based on a determination of the offset (or an
approximation thereof) to determine at what time, relative to the reference time,
position, range, or other information was estimated or measured by the mobile
SPS receiver. In an alternative embodiment, the basestation may not provide the
improved navigation information to the SPS receiver. For example, such



The ,above matri x equation (4) nmay be solved to obtain a unique sol ut 'ZOPABIPZUUZ
fit the pseudor ange neasurenents taken at a particular tine. Fromt

sol ution of Wdeekmkgi X equation (4), Q provides the coarse cpé-f,ggggyoegmand
Qb provides the fine correction to the initial estimate of the time at

whi ch the pseudoranges are determ ned. Thus, an offset, which may be in the
order of a submllisecond or nore, between a reference tine (e.g., GPS
systemtinme) and the estinated tinme at which an entity estimtes its

| ocation and/or that of a set of satellites nay be determ ned based on ttie
relative velocity of the set of satellites. Al though not necessarily al ways
the case, the matrix equation (4) typically includes five unknown val ues:
0Ox, Q, @, Cb, and fit. Thus, unless any of these unknown val ues are
known at the tipFRSmaRonBaY be sared: Drovide@ioyaotheneriity viaa datacAMIGORNGD 99| 53338

PCT/ US99/ 0797qugwh,@g%9mg%}ed}§%m&§rg@ measuenments shoul d typically be
t aken i nto account ’h‘?obé"cl?l ve He solution for the unknown val ues.

In general, the acc SlEﬁWSt ichdayicefs) soms of the QEFHKRKENt at | east
in part upon t;hmtmewhaema@édéthﬁnﬂai aédomﬁng/&i ¢l embodim@a o tRfintdh@ion.
satellites (sv_range_ratei). Furthernore, errors in the initial position
and tine estinmates, which are used to conpute the |ine-of sight (LOS)
vectors fromeach satellite to an entiTABLEUch as a nobile SPS receiver,
may causg
enbodi ne

initial ¢pR mate of [ he Ig(:atlon of tige SPS fMEﬁhiﬁ%byﬁHé&xB@bf'&b@s)— in o
enbodi megt, the matr{x equation {(4) is solvad iterati'vely by re-conmput

ities of onp or nmore of| the set of camelationder 6xampleyasy oved
p05| tion estl mates fpr the entitly. As such) |qRedtibet Beidin With fEfrepécng de] fi ve

$ n spati al qomai n or po<ilg;.i on/ ge {fix, 4y, 0z),}and
hgt||xe Hn'nln /~rﬂ:1:\nr TES P 1
i nventio )AP\Eher ein t he vel ocity |of t h& robi | EstiRfateddgaise of theelatiowship

may be utilfized to detqrippe ls%orﬁ »Jh@reﬁxjﬂfl"@ i€gpodi pent,
I ng 0

bcity error s mnimzed usin I"er rmationfto

the a pogteriori vel .
ing tine. The Velocity errlor _represent sﬁsumnletdﬁiﬂzctasﬂj@dgen%nt) t hel
differen tween a| conputed vel ocity for tihg Hmpédl RiRat" P8 of Whl ch
may be le culated us|ng several et hog(s, i ndludin ci trﬁﬂe uatol£ (4}
above or |(Rigmespfror statistic nethod descri bedef%qnGW) éF@WWéelRﬁbMIQFSI hCity

of the mjNidsureRentyefei ver. By ni nini zi ng sycdffse error, the tine of
i nt erest [MH ue gete|mned. For ExanpLe, 11 [tne m)fﬂlerbl-b TEVCF VEr 1S
Iy

stationafPHSTie velocity is zefo), & set drkaownirpmisadig saelliteonput e
usi ng seJeral approxtmations for|the tinme of m@ﬁbﬁﬂﬁa&ﬂess&gﬂe@l ve to
ref erenceg __TNe_fol utrons cofrespndl ng [t TR YY r 0 woul

best appr&b’%ﬁ%‘i%—ﬁ‘f’e ref erence tere, i ch co‘?ﬁ ‘?ﬂilet?}' ‘B%é‘ﬂzlff det erfri ne
t he posiffion of the pobile SPS rgcei ver and/ mawgahendata\meg;sagccmal
information. In alternatlve enobodi nents of the Invention, altitude alding,
dead reckoning (i.e., restricting velocity to a known direction), or other
t echni ques may al solnneemblodiment bbtheiprentien,arpssidyrangdeymatiia eqsaionf(4 &
relative vel ocillifo e Bea FESRL U0y dtR: o6l eln BISsBhylBlReal el T Les

to determnetlrrea naV|ga|ona nt or ma 2002 WO
991 53338 PCT/ Bsspgdated with a-tinge @amwmtmmk SRBeoeivenandiire referenge AN

ERROR STATI STl §mE OQudd MoibiotERMdYehidddiment, is based upon the relative velocity

between the set of satellites used to estimate the position of the mobile SPS

receiver and the mobile SPS receiver itself. For five measurements, the modified

matrix equation (4) may be expressed as follows:



I n one enbodi nent of the invention, an error statistic is utiIized%Z)AUEmz

determne a reference tine associated with a satellite positioning system

One situati oMOw53¥Bch this aspect of the invention-nanely, dPETRPAPHEN of
time based on an error statistic-is useful is when the nunber of
measurenents (e.g., pseudorange neasurenents) exceeds the nunber of unknown
val ues (e.g., fix, ~y, ~z Qcb, etc.). Furthernore, the error statistic may
be utilized in conjunction with other techniques for inproving

determ nation of time and/or other navigational information. Figure 3Ais a
flow diagramillustrating a method for uti$izing an error statistic to
determne tine in a satellite positioning system according to one

enbodi nent of the i jon,e In step 302 of the nmethad 300,shown in Figure
3A) an entity, such a‘gﬁy P?‘Q @ﬁs‘}zicéi viJangestatedtled 4% § range or
APRR2) OuxBahgl | ui2es] ajv_fangelrard [tijn%y instances,

position relative t
wherein one or nore o et,of 1i instances are lagsocitated wifh an
estimted tine of a‘gﬂ?g EhEx3 h‘é’fiilg%oflf ssé(t-raf’fgW'ﬁgré?é\ze ce tim€) Such an
of fset, as nentioned ARRA ¢, | B4 bpd duzt tb of fange_rharettwegatt he SPS recei ver
clock and tinme as i ndj d a.ref e.C ) iff t{ .and/ or ot her

i nhaccuracies in the r€c %%r%?o‘g{g,quts&}#ggrrag reLr%‘g time may
correspond to a tine associated with the satellite positioning system such
as GPS system %?einl n step 304, each of the set of tine instances is
altered by furt addi ng or subtracting an offset. For exanple, in one
enbodi nent, each estAREkisthe pssuderangaugsidud fenthe absacilie 6d- Wi B, 4a0handange

or position estinmate nmay Qﬁwgﬁgéggfcpéhc@@etgjegiP%erp&ég?ggséuﬁoﬁﬂ dm seconds.

In alternative enbodi ments; ranges of 0 S nmay De added or

subtracted to obtain variibitial egimaedrangs tothedithesagedlite fenoMingit i c. I n step 306,

an error statistic ig ',%Hidaﬁa}eit&rdiicaﬁo@éésﬁ{e%f&ﬁthnefoflsi%i]ﬁ?(ll@gt\féefb?s
(i.e., ones having an o ed therefrom.

fset added. thereto or subfrac
Finally, in step 308, thﬁ?@f‘@?éﬁ?&'@%ﬁ" et‘BFatslitﬂaé)ﬁrloiiMnﬁbﬁSPW&c ) is
determ ned based on the bgbaytherx, 9fand Aeoordinate &des(kmdwing;, | N one enbodi ment,

as further described bel ow w.t.-h f nce.to Figure 3B, the.erro atistic
i ncl udes det erm ni ng“’ i f"'trw\t/eérlls gh%crgfagyesYefl?cﬂ‘a'tqeg’ﬁee&tg,cp‘&%@tﬁﬁ‘g=eIi’r%éi’ dual
val ues. In this enbodi nend, S)anflianegavtyde:\gi,amobiled3PS teeeiver) (knosm)ance

typical ly correspondgy iy, Az indeb are the olekticRS G B3R RET! US99107974
-11 deviation in the spati al rgporal (&) donmins. By
¢

(X, y, . z) and te
optim zing the error stat F%qrﬁwaﬁy%wm a4 the glogly of the seceiyer (Wpkrownly i ance
woul d correspond to At igitie offiser incthe @nmefmédsarement, whivhi, Bnee-embodineent,hat
approxi mates the reference ti ogught coul d be dterm ned The use of the
unit variance with res pecchfeggﬁﬁﬁﬁéﬁg?m CG?ZP’E ?‘gﬁ?‘)}g‘?’%ﬁ?&é"’ eép%}eg?‘&e‘faéet S,
accordi ng to one enbodi newhjchitbe psgnddrangedmeasnicedtstasd akenandra refefancence to
Figure 3B. Figure 3B is a [ A ust [ a JIFG e i zing
a unit variance error sta%‘%‘lgglg\{é"i n {%Iéwr!#ebﬁgdig%’s%% |gu§%g¥s§&8{‘8%§ét erm ne
a reference tine in a sat etchi@akpyt i oni ng system according to one
enbodi ment of the invention. In particular, Figure 3B depicts one
enbodi ment of step 306 of Figure 3A., In step 310, a unit variance |is
determned for the aﬁ%?@eéméf*q‘ﬁ"ﬁﬁ(‘f)r@%ya ved|to OBIAR ARSI SRBION t9 he

unit variance i‘gittée preaddisrigeadeasurbmsnts taked aFa phrti¥ular tZné. Frof te selutien ( 3)

above) {5) n-m [0 <\ kS I rl QL
pseudor ange r es%ﬁé&a&wti%a&lgx\@f 6&1{;&%?' fé‘%gglr%gg\%ﬁ? }é?eﬁ@ﬁ'r‘ g'f%%gfésjgétv@g% g{?t i ng
observati on matfinexcortactiomt thefruil eatirnate 06 theeimpHeat whaahi the pseaderamges awhi ch i s
generally equiv . fi 1 3.t i {: i x; and
nis the nurrber(?% ngéol%u‘rf@rfc‘éh?ggﬁé%ﬁh%ﬁ?%a@%ﬁh%eér}d%&?& i gﬁ@v&%@éo%ﬁg t he
unit variance rmpresbetwesn aireferapse tipwr(e.g., GRS syetegitiree) andthe estimated time at

which an entity estimates its location and/or that of a set of satellites may be

determined based on the relative velocity of the set of satellites.
Although not necessarily always the case, the matrix equation (4) typically
includes five unknown values: Ax, Ay, AZ, Acb, and At. Thus, unless any of

these unknown values are known at the time of measurement, five (or more)



unwei ght ed) sum of squares of the pseudorange residual values. The 77 AUG 2002
" denom nator of the unit variance equation (5) represents the number of
degrees of ff’lm g n step 312, a polynomal fit for the uni is
determned. [t can %e shown that for the nor mal 'y distribut edbggeubdor aﬁage
residuals, the expected value of the unit variance is unity and the
distribution is the Chi-square distribution with (n-m degrees of freedom
However, in some cases, individual unit variance values may al so equal
zero, which corresponds to a perfect fit 5 a position or tinme fix for the
SP5 receiver. Thus, the measurenents (e.g.”7 pseudoranges, pseudorange
residuals, etc.) for statistically optlrmm position fix should generally

2 ~ ~u~ Zoo2 ce,
ideally to a ﬁfﬁ%ﬁ@ %s{@%ﬁ?@%{egﬁﬁ%rﬁenéﬁ%ﬂyggﬂbﬁ 9?13 f?,:.}% |a¥&)\rlljg€£|3ance
for a set of raﬁﬁ’éj‘e’:@Fap'agluFlS@WUQBtf?fr?hﬁ@ﬁmP%’ﬂW?n zed, a "best fit" (or

solution) may be obtgi ggeral, 'lhé%&ﬁﬁcy’i@ﬂb@ﬁxairixr@{uatfdrg(% esjef}éhdeﬂ%t fB8sedgpi ct an
exanple of unit variance fit I mates according to one

enbodi nent of Bt YRERAT ?‘iﬁ’H’aCV\ﬁgWeéelﬂf"&"FIoﬁ’@f ?fg‘ﬁ“’}&f’}?‘ﬁéa‘&'mcﬁ vari ance error
statistic (as ashlL lmﬁge oare)f Furthermmotd, sﬁtn)s,m thd Griitislposition and tikd evdimates, Fi gur e

and one Tor negherlare WS Hempdte FRneRrHERELSS 1Rl B SRt ifag '

i ntersect, prownties sach appomokiler8PS maeiver, mag caust errersde tiei velncity estivhated of be
ted th I

GET sed for o nec SUPHE, Mk m'th2ebaREs, Pl HORRWEN bickad 0C

m ni mum of t he wiilized tcedeitermive afl igitial estimaterof therldcationtofithe SPSieceisf er ence ti e

of interest. FigiHiRriGlel t cheZRtitBAnE nh&ﬁlhtﬁsa eaﬁatfola%a@ 's&lvm#r?l'\fe‘?y

di stribution exarrpl e shown I n Flgure 4A t$ scal e of
Figure 4B is srfﬁtqoé?i’“f-lﬁ&ﬁ‘etm‘m@ﬁ °ﬁP’§themQ¥¢\° 'IhFS%‘eréPIEU’E?é Wil iEWravedm t he
e?anﬁl e of Fi guiaRitibi dsﬁﬁhtekh’&th@étﬂityieﬁﬁ butd, @ath ittﬂanawmap@td%deqivel nclination
of the unit var. i xa Q2 time
of fset of zero. "ﬁ’r‘ig\?eﬁnéntts e qﬁtSp ?gvgblogﬁ?:sg@érx{a/%ggggx ?g éZ)’sM}dftl ciently
accurate esti nana:r@wqmmmltbmumdamaemecbmrx)er and/or a reference tine of
interest, such as GR her
orror statistice By cZn\éEeS rhéhpt ofg%ﬁmﬂffc#rpwlﬁ‘éreﬂptﬂﬁ%lb@ﬁ}e& tﬁ@ﬁltobf?é

appr oxi mati on tIPSreceiveris kpewn, Ia@pplqrmaﬁemmtemav he um;%qédq daegmm BBE- wi t h

reference to Figuh@embddmhchtIRe FPYstétforPRIdcay eRer llamamﬁeémss Déppiedf a
nobi | e SPS recel éer and a basest ati o or excl usi vel er entity. For

el e, T onomAFRBRPHSHeTHRE BhE e Chetaion cabEerestaiSd Miosmhofient
estimates (e.(.the ﬁEﬁaﬂdﬁk&ag&enalmmp)neﬂ velotityhfer thelrhotdle SPS rbmv\elnph and

based on an or ey B¢ tbulfich bk PRSI eibas ol QU fne MR Bl LOTBHRL OF
basest ati on rrayol‘ph@m‘r@lestamc methagdepasibed helowhand ba kngwn VﬂP@FYn%ftlhmob&% ed at

least in part toes geBivet. 0By hﬁnmﬂ-ugm‘ﬁ%eﬁepme\mﬂeefmee?emﬁpbentIty In
this case, the SPS recei

%/ OI}SQP;EHG i.nfornmati on and/ O{S’ﬁOt her

i nformation, dedessmuined. | %?WB]"’ é P'E} PHVEIFE Fatony, (15a(VEloRHY is
information.  Zrd), AlsdiGra6RRoH N béa&ﬁﬁatmsﬁﬂgl&Q&LDZ@?@uml@mﬁNo%&rERNAT| VE
EMBODI MENT As i ndi cgt ed above,

h)ve veI0|ty n error str%rllstlc
(e.g.) unit vari@Re "%Sé%%’f’%‘l‘eﬁ %@5‘15‘3’8? f‘ées§° IS oTpRSponsing 1oe
separ at el y or imvdoamdsfcztermws)ukddmxra@pmglmanc nhamfemscemle,dvmmmld)ﬁlen be

i ti to d

penton Lo O OW0Eab TR ASRGh S e sPS Al AGoRORL Rl
according to a mf@d@tﬂgpnimdtprwwqmbgdimegwﬁ&&snvqmeoa\ﬁdnmémmélnead@d t he
qual i ty of signal-genihf &I UHERAEEAT AT teakﬁ@&ﬁhire&em,o&eﬁmfeeﬂﬁ RRREN one

or nore satellites an% f he recelver(ng I n one_enbodi nment, %h nethods
may be per for medso hﬁampmee&nmmwfer%smhfv&w %Sﬁef%ue}tamnveéﬁm%owe
position, or ot/REiveriHdIA bdRbnd sAGEBALIARS Bdetéitnifelie heflolskaed on a

m ni m zation of |naccurac n yet anot her enbodi nent of the invention, one
or a conbi nati ofRvagational éBV@ ﬂéscrlbed met hods and appar at uses for
determining tine in a satellite positioning systemare conbined with

anot her nethod and apparatus for tine determ nation) as described in detai
in US. patent application serial no. 081794, 649, filed on February 3,

1997, and which is entitled "Method and Apparatus for Satellite Positioning
System Based Tine Measurenent,"” and which is hereby incorporated herein by
reference. As described in detail in the referenced patent) tine may be
determ ned by conparing a record of a satellite data nessage received by an
entity, such as a nobile SPS receiver, to another record that is assuned to
be error free Fron1such a conparlson tlne may be deternlned as descrlbed




Z 7, AU6 2002 WO 99/ 53338 PCT/US99/ 07974 -14 as the basestation shown § i AUG 2002
+ Figures 7TA or 7B in step 503. This record is typically sone representation

of the satel Wg®/giassa nessage received by the nobile SPS receip@rusobnstep
505, the basestation conpares the record transmtted fromthe nobile SPS
receiver to another record which may be considered a reference record of

the satellite navigation nessage. This reference record has associated tine
val ues wherein various segnents of the satellite data nessage have
specified "reference” tinmes associated th remnth In step 507, the
basestation determ nes the tine of sanplln8 by the nobile GPS receiver of

the satellite data nessage. This determ nation is based upon a tine val ue

which is associated wi th the O¢ERVEWGE AROPHER ERBODIMENT: 9eneral |y indi cate
the tinme when the rec rd was receive t he no e CGPS receiver. Figure 6
illustrates in further Hé{zé‘iq@ M%WT?SPR%%M%MWWONM ated to
sat) e: lite data messalesnefepibodientof the dnveatien, Ianbﬂomalshbmmaeémstem The
nobile or renpote GPS receiver acquire te 1 GPS s nas

det er ni nes pseu(geéerrgﬂﬁeegr FENC s Sqfé%?d ng @ﬁg?gﬁ@ﬁlgpgmg HSt?Pegﬂ’SZB t he
nobi | e GPS r eceditwation mlmelsttmhaspmoﬂdmanmdomﬂamels deterainatidbnaff tirfee
satellite data JIRS$a0G, EﬁBRtIﬁk%c QQHé qs Qﬁgh THe b%r %ﬁ@&?arﬁén‘?é@lﬁ%fro

determ ne the pseudor anges prca rese

the satellite mpmsﬁfnmw@@ta)ﬁwws H@qum!eaowr@wgn\ewhseséﬁa &pi cal | y

represents an egj iA¥A®, &)t FartBérhidre, e &tdtRifidhc ag bERblik& iFRon{uBeby eF
transmits the record and the determ ned pseudoranges to _a basestation, such

as the basest atVihotebirphnigues; BE}FE’TOWAPE)ﬁiC“?‘B“m}tW" tpeand/or pRer pasest at i on
perfornms a Croslﬁwfgahbﬂ]ﬁfoﬁﬂatﬁfn the record transmtted fromthe nobi | e GPS
receiver to a referepgce r .he na %lglon s the set of
satellites. This ref&i8ht ’%8&0&' %P‘E‘dﬁ?@ 'H%IaﬂEF rHE PRAREIPIe st anp
associ ated w t Istdtisdc cadeternting tinde ired sateslhne@osxaomnglst acﬁﬁdiﬂglmi) bnof data in
the reference re h nd it is
this tinme st arrp %&q@we&sqﬁﬂ%g%gﬂ? Iﬁgt&% 365 OY?AC ehtg&% % lgcl?el%'fe by the
nmobi | e GPS r ecedA,en entity, isachoas ayinabilg V%WWPEGSWSSIKW%OF Wsitnal |y, the

record transm tihpgyt Pfeh BEsdiBilRiek &t {RBof @RE mseahce%ndhéreﬁ. difoR hRRE 6f dhecor d
partially overl agPre ative to tine. sest ati on deferm nes

from the cross-¥€bPk@WNginsARCEHASF %F?‘Bﬁe‘?}‘(é&‘t"g ﬁé‘“ﬁ?‘e‘i&’aﬁ Pf?’ﬁ&suﬁ?n?“r‘i &3 ot e
GPS recei ver ofofrdéeﬁbﬁpﬂefa&@ﬁﬁws [ s;mnlas offféteamaﬂﬁ)hed hlogvel hﬁy begastd N step

631 the time of the ac GPSr i gnal s
ond Uses the acEPrPRBASHLE PSPt oER A ik i BRELUFy erieigg oty

991 53338 PC f/ UBHDand/6etherlibaqoomicies orthe 8PS rengivenelockfeice Theapfelrmcatimat i t ude
and | ongi t ude Bpate) step
633, may corh'ru(r?li-'?:%{'J &T{fp@& glom t%é%o‘fqﬁ[?g&ﬁngﬁ P%%{t%l lfgibﬁgllarggngtsggt@'ssuf lelcr%sel ver
to anot her enti®P$ sysiem time.a conput er system coupl ed through a network,

such as the | nternetyy @ép 3ou, bﬁmarmleésetbpuﬁabmstm@s& alidréd by ﬁﬁﬂi@\/\&&ﬁnﬂlﬁw EW
conbi ned nobi |l e .GPS recei ver

Figure | A shows an ex
conmmuni cati on Wﬁ@%yﬁ P &xuply. {Rionn cmbadigent gag ?SHV@Fﬁ%ltﬁhe ofrh s
conbi ned nobi | em%ﬁremassecxaadcmmmmgam pnmmymmﬁaﬁhymmbmdrbyan

descri bed in det |n cop t pli.cat i rial_nu

08/ b52, 833, whi YFSHREMEED e%%@?gm%g’gaﬁ% Rl e A SR

Posi ti oni ng Sysofém aaidemayrbnadﬁﬁiloonumwém obtaini variogs SimplescfoCiheciorr y, "
which is hereby %ﬁgq%:porat ed herein by reference. Figure 1B illustrates in
further detail to | F converter 7 and the frequency synt hesi zer 16 of
Fi gure | A. These conprovem3Qs, gnswAr statisHr iy determmed far e slergd setaf pime i n

copendi ng appl i 3tahdd (§€rbﬁés HAVTHRh d#f3bORidedthretd bfesumlaulegu@?§frdrﬁpel ver and

conmmuni cation system 100 shown in Figure | A maap be configured to perfQrma
particul ar for nFaallyipsierB08; e HicrpREHRS (95 gn ghprekimaugn dsted) i§flstesmingds ych

a manner that thgedo6theBdhalidf of ik ¥rbt ghtistien$h bne/myodxﬂibmsas further t her
described in U

63, 734, ued .on Sept ember 2,
1997, and is en&‘?sf’f‘gffﬂ;@‘g ‘ﬁé%@? gpeedn ¥ 'ﬂ}éﬁeﬁgﬁvf%"r" ’éggl“}? S Signal s",
and this patent détsrmhiaingyurineapiapae distebutier e psedﬂprangéessedmbvalifdrﬁ dnphipcessi ng
operation described..in
plurality of i nf’gg?r%lmegtjg%38%3%?%1?%?@}?ug@gm{%& 3@}@9‘11?? élljg%lsp our |8té1r(ﬁ":"i'gir
transformations (FFTs) and stores these inter nedl ate convol utions in the
digital nenory and then uses these internedi ate convolutions to provide at
| east one pseudorange. The conbi ned GPS and comruni cati on system 100 shown
in Figure | A also nay incorporate certain frequency stabilization or
calibration techniques in order to further inprove the sensitivity and
accuracy of the GPS receiver. These technl ques are descrl bed in copendl ng.

o NS s NN o r " I A NN




WO 99/ 53338 PCTI US99/07974 - | 6 Rather than describing in detail the?7 AuG 2002

*operation of the conbined nobile GPS receiver and comruni cati on system 100
shown in Fi gweedrsidzasa brief summary will be provided here. | npgrintyebamhs
enbodi nent, the nobile GPS receiver and conmunication system 100 wi ||
receive a command from a basestation, such as basestation 17, which may be
ei ther one of the basestations shown in either Figure 7A or Figure 7B. This
command i s received on the comruni cation antenna 2 and the command is
processed as a digital nessage and storeqlli'n_n the nenory 9 by the processor
10. In one enbodi ment, the nmenory 9 could be expanded to be a random access
menory (RAM for storing conmands, data, and/or "snapshot" information The

processor 10 de i .t he i | .ovi.de _a position
information to c{eﬁ%ﬂ‘gﬁ?ﬁtg& 2?%"%& gﬁaﬁﬁgﬁd@ gadZ%é %f; gﬂgr g&e@@%ﬂ"mfé ttgco
activate the GrRaopstatistirused—whichs insthe caseiof hmiasarianoerwoold aviespondaty abe shar ed

w th the communj Lon Jhi.s LNnC f I t t he

switch 6 such [}hglﬁ.& %rﬁga@éﬁf @Q}UETP:%%\I}EQT@ ﬁlPa_et('?‘ r\?%éﬁ %f%eﬁé?% om GPS

antenna 1 rat hepughigauld bmdaiermined ofhesusgehths unitonriakae withmesprct kt tange emt enna

2. Then the G’ﬁf;ao%mgﬂegtﬁnﬁé @nsx%ffsy@,dacc&aﬂﬁtté 6:?&1-%6&%%}&9{&%11& &Q&iq@hg' tal
b d t he al signa

menory 9, and }/ e processed In accordance Wt Tgit
processi ng t ecrsioyddthgetessncpde FignredB. U s, Patent No. 5, 663, 734. The

result of this procerignR®BB kR lev biagriByillubedtinge methbd fatutdivingfa migudor anges
for a set of satellites tlﬁ’F tw.ewt'? aag ({)Qﬁs}e lﬁseud@éan es ar atfa based

t hereon may t heAOARFETRRSHTEHCD IFERRe of Bguee$A {9 defempyne R aefgredeessi ng
conponent 10 byingciniasateilivg poditéoningasystemt dczordirgy toions embdditmeansfthet i ng t he
pseudor anges back t.0 t i i e co LcatiQn, a npa 2. The
basestation 17 1§Y1%’\E/\1§n1 n Eggéﬁé‘t ?@%ﬁ?ﬁb@%&%ﬁ&%@‘&%’ﬁ03 sicgn’{oﬁeor}r enot e
through a wir elEgerechmimiterad 10oa uhit Nariance isedetdrinealsfos Hewaitered sei glitime 8,
coupled Lo tNe GMRES. I¥nBUabodinfeR, el i VaRhRROBERY LG Wi ch provi des a
wi red communi cation [ink between the telephone site and the basestati on.
Figures 7A and 7B il Iustfrav;q exanpl es of these two possi bl e basestations.
The basestation 701 i1 ustY at ed; L FigQUukre fffin ol Jd0e@s an ononous
unit by providing a J\J/.vl remess I'ink to an %rom abll Fg) S ?)Zcei ve?gt)and by
processi ng recei ved pseudoranges. According to one or a conbination of the

enbodi nents descri bed above, the basestation 701 nay process the
pseudor anges t SVifEeBr mine time by utilizing relative satellite velocity) an

error statistic, and¥oy [ f 1 e records. The
basest ati on 2 7 AUG_I%}SCZt?% 9%:"%%%3%3@@{%?%%3%%6‘%#%% /01 may find use
wher e the basest ati o is 3 weighhfaster; whigh rapresenss piveaghting Ohsemation mawihi | e GPS
receivers to be traqgkese emBodimehl, 86 WeighPfario @ wsad! Wick angensRilly @gaivialean
area. For exanple, the basesi.ation. ﬁOl maﬁ E@%&@ o%ed. b olice forces or
rescue services in order PSTPRLRIBAPHTIEIAIMS WP R3S ¥5i ng the nobil e
GPS receivers. Typi orislthe nunhher bf measuieieats; amtl r ecei ver el enents 709 and
711, respectively, %li anﬁrﬁﬂar&%qkﬁdurﬁ a single transceiver unit and have a
si ngl e antenna. However, ese conponents have been shown separately as
they may al so exist separately. The transmitter 709 functions to provide

commands and/ or navipis! @8 hit yAAACE kBN On i PREIhEwERRebgeL! ver s
through transmtter antenna 710. Typi calm th ansmtter 709 is under

e tr ,
control of the W%Wéé@s‘lfﬁ@mﬂ?ﬁqﬁmﬁ r@wemd%aéwe H‘er@q‘ﬁgﬁ@at@from a
us g_r | of c;D ge pr Q?fQﬁéhrﬂgc\ga!ﬁhie éq@atﬁkﬁt @) fepheith thel rgdter 6f\dcpreed opgkéacﬁﬂ.l ?(rj

nmobi | e receiver. n uent 1z a processin ni t. o) cause
the comand to be tr@ﬁ%ﬁqgeﬁp‘ﬂﬁ‘f’mjﬁqﬁﬁi‘ﬁ?ﬁ?é@% 1%3%#?%9??@3['; FE ¥ps
receiver. |n reshponghat forrthe norially dSEiwesgsendorangeutdduals fhemxpedtad kalte t he
receiver 711 ps A&s - ' ' L PRt ite
dat a nessage re@g?éd)é'ﬁPor pg‘ﬁ;iugﬁi tg% g% Hulﬂﬁn %ﬁ‘ég@%g@%ﬁ%ﬁ%{lﬁﬁgmﬁr esent
i nvention to be(nraydégrens of freedmm.r Howevarnig semesases, individughenit sardnger 711
recei ves such i %h,i et & HiIR D 1L EUFLT £ie8¥c ndssintem t o
the data pr oces@% u i‘?gb?%“%’_ \r/\’ﬁ}dh htiqgler?hgsr orms one orl mrﬁgsg%en?(ﬁ'euﬁéq
abovedescri bed fpérdhe SRS recsivaet Ehusi the maasiremsatsi (€ige mseutdommnges ot her

navi gational i nﬁs@ﬁd@'ﬁﬂgﬁeﬁ&ﬁﬂ’s@bégqgr stdrstc AR pRRRIA PGS X SRS g&ﬁrﬂfyom the
nobi | e GPS receiver. menti oned above with'reference to copendi ng
application 081794, 649, such operations may involve the satellite data
nmessages received fromthe GPS receiver 703 or other source of reference
quality satellite data nessages. This is further described in the

above-not ed copendi ng patent applications. The GPS receiver 703 may provide
the satellite epheneris data which may be used, in one enbodinent) with the
pseudoranges and the determned tinme in order to calculate a position
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! 7_ 7. AUK 200 WO 99153338 Ptr' TI US99/ 07974 -19 records received from nobil e
"GPS receivers. The mass storage device 733 may al so store velocity 27 AUG ZUUZ
information (KRPJoRReHL I Ng relative velocity of a set of one or p@fBs99/07974
satellites. Additionally, the mass storage device 733 may store routines
corresponding to one or nore of the above-described nethods for processing
satellite positioning information/signals. Two nodens 739 and 737 are shown
in Figure 7B as interfaces to other systens renotely |ocated relative to

t he basestation 725. In the case of rmdemfzr network interface 739, this
device is coupled to a client conputer exanpl e, through the Internet
or sone other conputer network. The nodem or other interface 737 provides

an interface t%{r{ﬁﬁlﬁ%é ﬁ&h@hﬁ&k@ﬁ&mg t§hfvﬁlue%}b§@toaz°er6hﬁ&%&r%vcﬁ@?vﬁx@x?vm in

Figure 8 which ustrates a system 8 basestati on g@
i npl enent ed wi t‘hﬁWé\lltWGE@CEWE?“&F‘%?&I@&"GP&U’B%‘GWSIm“nﬁ@z@ppr tffed by

those skilled i Brﬁd]ﬁuﬁf)&nayﬁ%’olﬂﬁﬂé@in aéé'@nﬁ!%)r'ﬁ&}é be multiple busses or a

mai n bus and a peri r‘}ngcl’uere mag m(g tiple co er systens
and/or multiple pro E‘B‘F Kwtapg ?ﬂ‘&@é’ QBit vagance f’n%ﬂré‘ set@f have a
dedi cated pr ocarsxsgercstxmateecaemtdmgheoﬁaémbédxmentdﬁtﬂae mﬁama»gerfeﬁrﬁl t he GPS

i 703 |
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amount of stor g&‘-ﬁt‘?’vé SHRECRHIIHBF6r Hig tai?vé’”ﬂzegfmﬁt*b? n‘?c'i’iﬂXt‘?ond%Sfe t{?

enbodi nents of resent 1 nvention. Figure | ustrates a
according to od@e@ms@rmmpwér-s FhIPPIOXIEFHD LS, th@\iﬂf@:fhnfim@d]ééh

receiver) a Celabaieefazédqha&eoam well-Rnown BREest sHly rmﬁualtfhgxﬂaptberuﬂﬁieh f@l”d a
client corrputer s stem Thg yst.em 851 shown [n Figure 8 ma operate, in

one enbodi ment ,the Bnif KAIANGE A4, niPedetermune, the, jocal Taipgpumg,of m 863 wil |
transmt a rTES%ﬁendehﬁﬁrlbhl@ Iaﬁdwmum tbilreferaﬁ:emh&dfﬁﬁtefe@let 861 to the

basest ati on 825. houl e t there. may.,.be.interveni
routers or conput er 34183 l? %%&ﬁge&gﬁ ﬂ? ogihﬁ ‘%ﬂlte‘faﬁ@fm%%' TRREeXsmple aI ong
t he request forshpwsuml‘bglm%A e quichtha tinkeptfifdet saaiksof Biguire dB. is Sieller
basestati on 82 S

511%94 {(hlg ﬁ@utré s nit ghma%%%% fH}fl w&aﬁlax gﬁﬁm 8B that

typically a wire | ul ar, t'e ne site 855.
This cellul ar tthg Wﬁ&? n%Pf@"BBE“‘%P@H‘Q r"éfﬂ’é‘?r‘i“?‘boa‘ COHh ey 1% ant enna

or antennae 85heb&shily coREPONA@XERY tbQ HHRSOffRE 6f 2626. m c‘damxﬁmtl on
system 8S3. In res onse t he sa?;sééé' @3 transm.ts %? ﬂg ges,

records of the% °|'P?3ép"(fl’éfid§ UL acGuplgSstimate il riﬂln d/or z ~
auu zooz WO 99Irbckast ah@/br WsferendOiirhe-of dntatitesuchnt GPSalysem tireich | nf or mat i on
may be received by t i C back to
t he basestation throlgg%oq'\%k#gﬁg‘é‘slg‘%‘ﬁwgg‘%ﬁ%&(ﬁl&ﬁ%‘% per o@hos&téﬁgaor nor e
of the operati Ofis” thet proxisies b apRrovimatian tha métrrpmpsurmmﬁmhﬁ:gmrs, be merh@d

i nvention, S”“He@&nﬁéd@ﬂﬁ%t@feﬂbé‘ﬁ} F@ﬁr@BRQn@BB iy Beﬁé’x'?@rr%tﬁyoi‘
relative satel l1te velocity, ]§t§] er neasurenents,. an error, stati stl c,

andl or conpar i mgmwt’@a of grmaobilerSHS recaverand abagestation, opicaclpsively Oxelthss nay
then det erm ne ep@w. dFdrieRAmple), ﬂf@fd&iﬁbdﬂﬁknet&uhb basestranﬁiefe@eﬁé@s sdp@siahgon of

t he SPS recei vertl and cormunldcate t ﬁ'%?f/rﬁ%} i ormation,through a
network, such ZSHPRIES(FEapPigidogpge VaReHLO fesFIVEL 8P m 853 whi ch
may i tsel f hav elerspines ghesrzkeiver’ etimee, pdséion| o:ecnhcmmgatxm inforataeion based oni ng

t he user of thlss to 0S8l nobi | e
SPS system 853.2 rﬁﬁm %ﬁﬁ%&%?e%ﬁgﬁd v%ﬁha%’gtaﬁégh%ge

descri bed in t grovidethesnavigation infornation, osinfarohatipn based at legst irf pagltherson tthose
skiiled 10 the (gt mobhik's gsscrlgerzﬁahmsrérn@yIﬁ%ﬁﬁfch%neme%mcéwrﬁ to the

.enbodi nents or gures I'n particul ar I nvention can. be
practiced in séwrsehn sychdpfosmatan %@W‘H@Hﬂ@m%@“ IeisUmine its time: R}/ or
apparatus to d%@ydpdﬂ%rhhﬂ%amnag)mf&ﬁnﬂl@w gational information in satellite
positioning systemby one or a-conbination of the following: ( 1)
utilizing relative velocity of an entity and/or a set of satellites; (2)
conputing an error statistic for tinme or position/range; and (3) conparison
of two or nore satellite data nessages. Therefore, it should be understood
that the nmethod and apparatus of the invention can be practiced with

nodi fication and alteration within the spirit and scope of the appended
clainms. The description is thus to be regarded as illustrative instead of
limting on the invention. 2 7 AUG 2D0 21 1. A machine-inpl enent ed net hod
for determning a reference tine associated with a satellite positioning
system said nethod conprising: estimating a position of an entity relative
to a set of satellites, said estinmation




bei ng associated with a first tine neasurenent, wherein said first ti

» measurenent and said reference tine differ by an offset; determ ning g‘/EAUG 2002
relative velggidosss said set of satellites; based on said repgfiN®dn7974
velocity of said set of satellites and said estimted position, determning
said of fset between said first tinme neasurenent and said reference tine;

and conputing said offset by including said relative velocity of said set

of satellites in a set of pseudorange residual conputations. 2. The nethod

of claim1l, wherein said relative vel oci t?{ represents a relative velocity

bet ween said entity and said set of satel %’t es. 3. The method of claiml,
wherein said relative velocity represents a relative velocity between said

entity and a renmote entity. 4. ARearfeRRasveEMdodmiedr further conprising

h ¢ Vel . . . .
USi ng. & new set of et OICBES hevenel s Bl SR TRGEEIe daghiione of sai d
repeat ed pseudeaafgR ketiabdabitle fERBrahiBsidRIY) halese Red SpaRedy &nt 0 sai d
position of said ent l({g and,.sajd offset. 6. A rrﬁ%hi. ne- i'”rP' epent ed pet hod
for determ ni nGOWUREHM AxcRHing tpvaniousembqdugieqts piihe IVSptien. iq deterpune g, ng
system sai d matdooihtezionith & satelljte povitioninigtsyster! FoRhértgre afselestionvediwthich
associated with I t] f . telljt Jelati,ve to said entity,
said estinmated Weﬁl;;c?cf vuté% ﬁfeay%girllﬂaf%cgg%fxg?o e%pr\?\nh%t%%é{_n dlcroélfl mtolnhsélcﬁrﬁsalgﬁr enent,
wherein said fiavailablg ¢ata, theaguatiphefisignalssbie inumber/spacihg obsatellites, dlesranged sai d

reference tineygganaiopt 8Fmbtd AeiRbdatithetdckiver, RS i b iRbodimet el f fer by
an of fset; 2 7 AUu 2002 22 )

methods may be performed, and the optimum resuit for the solution of time,

position, or other navigational information may be selected based on a

minimization of inaccuracy.

In yet another embodiment of the invention, one or a combination of the
above-described methods and apparatuses for determining time in a satellite
positioning system are combined with another method and apparatus for time
determination, as described in detail in U.S. patent application serial no.
08/794,649, filed on February 3, 1997, and which is entitled “Method and
Apparatus for Satellite Positioning System Based Time Measurement,” and which
is hereby incorporated herein by reference. As described in detail in the referenced
patent, time may be determined by comparing a record of a satellite data message
received by an entity, such as a mobile SPS receiver, to another record that is
assumed to be error free. From such a comparison, time may be determined as
described generally below with reference to Figures S and 6, and described in
further detail in the above-referenced copending application serial no. 08/794,649.

Figure 5 shows a generalized method for determining time associated
with a satellite positioning system based on comparing a first and a second record
of a satellite data message, and which may be utilized with a mobile SPS receiver
which is combined with a mobile communication receiver and transmitter, such as
that shown in Figure 1A, according to one embodiment of the invention. The
method described below with reference to Figures 5 and 6 may be combined
with one or a combination of the above-described techniques of time determination
based on relative velocity and/or error statistic determination. The mobile GPS
receiver 100 shown in F igure 1A samples the satellite data message, such as
ephemeris, and creates a record of the message in step 501. Next in this method
500, the remote or mobile GPS receiver transmits this record to a basestation, such



calculating an error statistic for said first value; and based on f?ﬁiAﬂGZl}U?
‘error statistic, determning said offset between said first tine
measurenent and said reference tine associated with said satellite

posi ti oni ng WPPEAIBuherein said first value conprises a pseud&TARga07974
residual value, and said error statistic includes a sumof squares of said
pseudor ange residual value. 7. The nethod of claim®6, wherein said sum of
squares of said pseudorange residual value is weighted by a weight factor.
8. A nmethod for determning a tine associated with a satellite positioning
system said nethod conprising the nmachi né4i npl enented steps of an entity
estimating a plurality of values associated with at | east one of a relative
range and a relatjve posi.ti bet en S a_set of satellites,
wher ei n each ofaségéﬁ Basﬁﬁta?%rhat Ar%r'gé g‘Fagga wotsFeserdds pect i ve
time of measur eppieilly sohﬁrreprﬁseﬁmbn bf the sa:télhtmmsammegﬁreedwhcﬂw te riobHe
associated wt I d sat I ng system fer fII’St of f set;
deternining a ﬁpga JEC U SISP ng(?é?é\ F%n}o% R?ﬁ’rpa%?é tﬁ%‘ieﬁﬂdéﬁmt

measur enent asshemabldelSHS tdeevartoahother rdcqrt wwhadh myy bé camsldersl;a lafctrafce ng each
time of neasur t f error
stati stic val udegobbe Rt aRRiRln feseabs, PAEIGHREAeRRERE.080a00 1 21
second set of dimeovaleasarhessin yarous segmenteofdharsatslhil doti messagediavospesified 9. The
met hod of cl ai m%erexs\%@ éﬁﬁeg a8 thiedlthtteiih IR KBV, B b%eesgfut)h fcﬁgmﬂfn@

conprises the ste etermning . a Linear, ¢ vergence of sai d second error
statistic. 10. UWF'eO fRmpHAg BY the|mob] °§3P$/\ﬁ?é?‘¥?rrp dhg satellite dalg ragssege. Jihig i st c

c]g)][mr i ses a unldetevlalmaaam off tiid vhige wikiidh istaés&iatetabmaaeaefér&@é d second
0 CAf sg} al. Q[SGR ﬁgegAQ%] Ai'nd IIAW 'lﬁd caAfﬁﬂEf %11 %%gn Hle record was received by the
~ysngb\ WR] ca] canjuik] @RS tecaikral] ca] caU] ca] cal] ca] cal] ca] ca
Figure 6 illustrates in further detail a method 620 for measuring time
related to satellite data messages for use with a satellite positioning system. The

mobile or remote GPS receiver acquires in step 621 GPS signals and determines
pseudoranges from those acquired GPS signals. In step 623, the mobile GPS
receiver removes the PN data and creates a record of the satellite data message
from the acquired GPS signals used to create or determine the pseudoranges. This
record is typically some representation of the satellite navigation message in the
acquired GPS signals and typically represents an estimate of the data. In step 625,
the mobile GPS receiver transmits the record and the determined pseudoranges to a
basestation, such as the basestation shown in Figure 7A or 7B.

In step 627, the basestation performs a cross-correlation of the record
transmitted from the mobile GPS receiver to a reference record of the navigation
message of the set of satellites. This reference record typically includes an
accurate time stamp associated with the data in the reference record (e.g. each bit
of data in the reference record has an associated time value or "stamp"), and it is
this time stamp which will be used to determine the time of receipt by the mobile
GPS receiver of the originally acquired GPS signals. Generally, the record
transmitted from the mobile GPS receiver and the reference record partially overlap
relative to time.

In step 629, the basestation determines from the cross-correlation operation
the time of acquiring by the remote GPS receiver of the received GPS signals.

The basestation then uses in step 631 the time of the acquiring by the remote GPS
receiver of the GPS signals and uses the determined pseudoranges to determine a
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position information, which may be a latitude and longitude of the remote/mobile
GPS receiver. The basestation, in step 633, may communicate this position
information of the remote GPS receiver to another entity, such as a computer
system coupled through a network, such as the Internet, or an intranet, to the
basestation.

HARDWARE OVERVIEW

Figure 1A shows an example of a combined mobile GPS receiver and
communication system which may be used with the present invention. This
combined mobile GPS receiver and communication system 100 has been described
in detail in copending U.S. patent application serial number 08/652,833, which
was filed May 23, 1996, and entitled "Combined GPS Positioning System and
Communication System Utilizing Shared Circuitry,” which is hereby incorporated
herein by reference. Figure 1B illustrates in further detail the RF to IF converter
7 and the frequency synthesizer 16 of Figure 1A. These components shown in
Figure 1B are also described in copending application serial number 08/652,833.

The mobile GPS receiver and communication system 100 shown in
Figure 1A may be configured to perform a particular form of digital signal
processing on stored GPS signals in such a manner that the receiver has very high
sensitivity. This is further described in U.S. Patent No. 5,663,734, which was
issued on September 2, 1997, and is entitled "GPS Receiver and Method for
Processing GPS Signals", and this patent is hereby incorporated herein by
reference. This processing operation described in U.S. Patent No. 5,663,734,
typically computes a plurality of intermediate convolutions typically using fast
Fourier transformations (FFTs) and stores these intermediate convolutions in the
digital memory and then uses these intermediate convolutions to provide at least
one pseudorange. The combined GPS and communication system 100 shown in
Figure 1A also may incorporate certain frequency stabilization or calibration
techniques in order to further improve the sensitivity and accuracy of the GPS
receiver. These techniques are described in copending application serial no.
08/759,523 which was filed December 4, 1996, and is entitled "An Improved
GPS Receiver Utilizing-a Communication Link", and which application is hereby

incorporated herein by reference.
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expanded to be a random access memory (RAM) for storing commands, data,
and/or “snapshot” information. The processor 10 determines that the message is a
command to provide a position information to the basestation, and this causes the
processor 10 to activate the GPS portion of the system at least some of which may
be shared with the communication system. This includes, for example, setting the
switch 6 such that the RF to IF converter 7 receives GPS signals from GPS
antenna 1 rather than communication signals from the communication antenna 2.
Then the GPS signals are received, digitized, and stored in the digital memory 9,
and may be processed in accordance with the digital signal processing techniques
described in the U.S. Patent No. 5,663,734. The result of this processing
typically may include a plurality of pseudoranges for a set of satellites “in view”
and these pseudoranges or data based thereon may then be transmitted back to the
basestation by the processing component 10 by activating the transmitter portion
and transmitting the pseudoranges back to the basestation via the communication
antenna 2.

The basestation 17 shown in Figure 1A may be coupled directly to the
remote through a wireless communication link or may be, as shown in Figure 8,
coupled to the remote through a cellular telephone site which provides a wired
communication link between the telephone site and the basestation. Figures 7A
and 7B illustrate examples of these two possible basestations.

The basestation 701 illustrated in Figure 7A may function as an
autonomous unit by providing a wireless link to and from mobile GPS receivers
and by processing received pseudoranges. According to one or a combination of
the embodiments described above, the basestation 701 may process the
pseudoranges to determine time by utilizing relative satellite velocity, an error
statistic, and/or a comparison of satellite data message records. The basestation
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701 may find use where the basestation is located in a metropolitan area and all
mobile GPS receivers to be tracked are similarly located in the same metropolitan
area. For example, the basestation 701 may be employed by police forces or
rescue services in order to track individuals wearing or using the mobile GPS
receivers. Typically, the transmitter and receiver elements 709 and 711,
respectively, will be merged into a single transceiver unit and have a single
antenna. However, these components have been shown separately as they may
also exist separately. The transmitter 709 functions to provide commands and/or
navigational information to the mobile GPS receivers through transmitter antenna
710. Typically, the transmitter 709 is under control of the data processing unit
705 which may receive a request from a user of the processing unit to determine
the location of a particular mobile GPS receiver. Consequently, the data
processing unit 705 would cause the command to be transmitted by the transmitter
709 to the mobile GPS receiver. In response, the mobile GPS receiver would
transmit back to the receiver 711 pseudoranges and associated time estimates
and/or satellite data message records (or portions thereof) in one embodiment of
the present invention to be received by the receiving antenna 712. The receiver
711 receives such information from the mobile GPS receiver and provides them to
the data processing unit 705 which then performs one or more of the above-
described operations to determine time, position, and/or other navigational
information associated with the pseudoranges received from the mobile GPS
receiver. As mentioned above with reference to copending application
08/794,649, such operations may involve the satellite data messages received from
the GPS receiver 703 or other source of reference quality satellite data messages.
This is further described in the above-noted copending patent applications. The
GPS receiver 703 may provide the satellite ephemeris data which may be used, in
one embodiment, with the pseudoranges and the determined time in order to
calculate a position information for the mobile GPS receiver. The mass storage
707 may store satellite velocity information, a stored version of the reference
record of the satellite data messages which is used to compare against the records
received from the mobile GPS receiver, error statistic analysis routines in
accordance with one or more of the techniques discussed above, and/or other
information to determine time based on the pseudoranges and any other
information provided by the mobile GPS receiver. The data processing unit 705
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This basestation 725 is intended to be coupled to remote transmitting and receiving
sites such as a cellular telephone site 855 shown in Figure 8. This basestation
725 may also be coupled to client systems through a network, such as the Internet
or an intranet, or other types of computer networking systems. The use of the
basestation in this manner is further described in copending application serial no.
08/708,176, which was filed September 6, 1996 and which is entitled "Client-
Server Based Remote Locator Device" and which is hereby incorporated herein by
reference. The basestation 725 communicates with a mobile GPS unit, such as the
combined mobile GPS receiver and communication system 853 shown in Figure
8 through the cellular telephone site 855 and its corresponding antenna or antennae
857 as shown in Figure 8. It will be appreciated that the combined GPS receiver
and communication system 853 may be similar to the system 100 shown in
Figure 1A.

The basestation 725, as shown in Figure 7B, includes a processor 727

which may be a conventional microprocessor coupled by a bus 730 to main
memory 729 which may be random access memory (RAM). The basestation 725
further includes other input and output devices, such as keyboards, mice, and
displays 735 and associated I/O controllers coupled via bus 730 to the processor
727 and to the memory 729. A mass storage device 733, such as a hard disk or
CD ROM or other mass storage devices, is coupled to various components of the
system, such as processor 727 through the bus 730. An input/output (I/O) device
731 which serves to provide I/O functionality between the GPS receiver or other
source of satellite data messages, is also coupled to the bus 730. This I/O device
731 may receive satellite data messages from a GPS receiver (e.g., the GPS
receiver 703 shown in Figure 7A) and provides them through the bus 730 to the
processor which, in accordance to one of the above described embodiments of the
invention, may cause a time stamp to be applied to them. The records may then be
stored in the mass storage device 733, for example, for later use in comparing to
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present invention.

Figure 8 illustrates a system according to one embodiment of the
invention, which includes an SPS receiver, a cellular telephone site, a basestation,
the Internet, and a client computer system. The system 851 shown in Figure 8
may operate, in one embodiment, in the following manner. A client computer
system 863 will transmit a message through a network, such as the Internet 861 to
the basestation 825. It should be appreciated that there may be intervening routers
or computer systems inl the network or Internet 861 which pass along the request
for position of a particular mobile GPS receiver. The basestation 825 will then
transmit a message through a link, which is typically a wired telephone link 859,
to the cellular telephone site 855. This cellular telephone site 855 then transmits a
command using its antenna or antennae 857 to the combined mobile SPS receiver
and communication system 853. In response, the system 853 transmits back
pseudoranges, records of the satellite data messages, velocity information, and/or
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combination of relative satellite velocity, Doppler measurements, an error statistic,
and/or comparing two or more satellite data records. The basestation may then
determine navigational information, such as time and/or position of the SPS
receiver, and communicate the navigational information through a network, such
as the Internet 861, to the client computer system 853 which may itself have
mapping software at the client computer system, allowing the user of this system
to see on a map the exact position of the mobile SPS system 853.

ALTERNATIVE EMBODIMENTS

While the invention has been described in terms of several embodiments
and illustrative figures, those skilled in the art will recognize that the invention is
not limited to the embodiments or figures described. In particular, the invention
can be practiced in several alternative embodiments that provide a method and/or
apparatus to determine time or other navigational information in satellite
positioning system by one or a combination of the following: (1) utilizing relative
velocity of an entity and/or a set of satellites; (2) computing an error statistic for
time or position/range; and (3) comparison of two or more satellite data messages.

Therefore, it should be understood that the method and apparatus of the
invention can be practiced with modification and alteration within the spirit and
scope of the appended claims. The description is thus to be regarded as illustrative
instead of limiting on the invention.
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based on said relative velocity of said set of satellites and said estimated
position, determining said offset between said first time measurement and said
reference time; and

computing said offset by including said relative velocity of said set of satellites

in a set of pseudorange residual computations.

2. The method of claim 1, wherein said relative velocity represents a relative

velocity between said entity and said set of satellites.

3. The method of claim 1, wherein said relative velocity represents a relative

velocity between said entity and a remote entity.

4. The method of claim 1, further comprising the step of iteratively repeating said

pseudorange residual computations using a new set of data.

5. The method of claim 4, wherein each one of said repeated pseudorange residual

computations provides a correction to said position of said entity and said offset.

6. A machine-implemented method for determining a reference time associated
with a satellite positioning system, said method comprising:

an entity estimating a first value associated with a position of a set of satellites
relative to said entity, said estimated first value being associated with a first time
measurement, wherein said first time measurement associated with said values and said

reference time associated with said satellite positioning system differ by an offset;
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based on said error statistic, determining said offset between said first time

measurement and said reference time associated with said satellite positioning system;
wherein said first value comprises a pseudorange residual value, and said error

statistic includes a sum of squares of said pseudorange residual value.

7. The method of claim 6, wherein said sum of squares of said pseudorange

residual value is weighted by a weight factor.

8. A method for determining a time associated with a satellite positioning system,
said method comprising the machine-implemented steps of:

an entity estimating a plurality of values associated with at least one of a
relative range and a relative position between said entity and a set of satellites, wherein
each of said plurality of values is associated with a respective time of measurement,
wherein each time of measurement and said time associated with said satellite
positioning system differ by a first offset;

determining a first set of error statistic values using each time of measurement
associated with one of said plurality of values;

altering each time of measurement by a second offset;

determining a second set of error statistic values using said altered time of
measurement; and

based on said second set of error statistic values, determining said first offset.

9. The method of claim 8, wherein said step of determining said first offset

comprises the step of determining a linear convergence of said second error statistic.

10.  The method of claim 9, wherein said second error statistic comprises a unit

variance based on said plurality of values and said second offset.



